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Fig.1 Ambiguity distribution versus antenna elevation angle of transmitter

DA b sk B 1 B R T R AW O 1 B AR
TLBE BRI LRIk BE . BB B 1 EHT -4
HWEIBHT K, ERE MM e, LR HEARE. HF
EE 1(a) A BRKRERR 6, =1, A5 EH
BERKERERE e, WA, WFE () F W LT /M
REWBRMHW . BRI TEKER D RERFFRE
W5 | L R R E R, AT E T — & HEN R iR
THI B R B R 5 K R AR O B R AR
of L X 00 A 5 A E S T 55 M 2% IR L TR
IEBE, BESRE T MG ETEKERES
BRI KL

e X E B PRFE, £FA AU L =14
JEREAL, it b XTi% PRF {8 BE 315 47 1 1L 3K
B ,HUA PRF, H ASR S RE T M. HF A
AR ERAN RN XA EEE
WAL, U HE 4 o6 A4 Xf 4% PRF, 7] & PRF 4244
TR T, WAL EN LRARE T ELER
WERRWELE, ARLIKHNRE DEERESAHE

P ERREEEARE BT EIARRESE
e HERENLHNITE,

XFF AL, R T 1A BB it B R 2R
PUEY, X BT AR

3 ETEENEREEHRERL G HE

LRI ETHEERET WG & Hie, Bk
BWIHHREN T ME, B S EE T ERITRE, %
B 75 3 2 AR i 7 16 PR R 9 T L TRAR
0 E A S KO BAE — B LRI, R
RELENRAR. E(DATELHET EFS H
BESHERTmMEE, NEm=mESHE,m
MBS EEEMRHFNEES, MEEME
So AREMIPL T I, WAL S 4 A E K&
B M ESTHRIEHLEEZAT, ERETRF
SHESLHEEREKNEKR, BAREBEREMR
EIRIRE, @I T Mt R S AR ¥ LM TR LA
Mo X6 HXMBH, SIAZRNFETRE



66 TR

B2 %

(SINR)'' 5 S, W 4 45 o 0 7 10 R 55 0 1), REE T
AT EENARRETREMARBERSAM
REBI. XM HTHEWEERBER SAR REFH
EEREEMULFAEEE, EREX—TMES
77T, R 22 AR (R & 2 B DU/ & 2 3
SAR REBHERBRZ )N, BERAEER N NL
WHBBFRIRR, EEFERIEENLTRER
REHREHE. Bit, REZXMEFNETE D
BETHEWRNAERRGES, EHEXFTRMMAE
W, ETHARAENEISRAREENLCER,

ARPERRERELHRNE 2 fin, R&EM
e, LR O FIFREWR B 5 B SR — 1 #
W, WRL&A NG, ZEHA KAkBARRF R
MRS, HH K AT REBULEBS, K, kA
AN K I A o OO e e o £ 5

B2 REFHFERTR

Fig.2 Antenna array and corresponding coordinates

x= 8(t)bgy + 4 S ()box + Ji(£)by +

o4 ]Kl(:)b,,ler +n

=Xs+X;+ 1 (8)

Hi 5.(0) « 1.G) #BIRAE kN EFES EHE
BRESLRER, by by AHENHRRXE,
T B 5 i B ADAR B AR B R

y=wr=y+y+r=y+yn (9)
XEMy, =y, + 9,  RAENMRBRSLRES
BARS PR, RATHH BRI 27 s
RS, FRRIENLH N ESHXRFEE RBH
Wi, HIENXES - EHRE LY.

P P
SANR = PP =P (10)
P; = E[1y, 1’] = w'Rw (11)

P, = E[1y, 1] = w'R,w (12)

(N)RAF R, = Elxexg! X SAR RE, i T3
REA R 43 B ST R SR B T AR 4 B K
St BB AR EAMR, W R, FTRRN

Ry = 0% by by, + o by by, + '"ang’bsxsbé}‘
(13)
o Ak MEEHIER, EHESZER SRR
AR AR, W R, ATRRA
Ry =0%bybs + o bpby +
“ixlbjklb?x, + 03By (14)

S5 Ry ABN K, B2 IEE Hermite 5[, R,
KWk IEE Hermite FEFF . [0 REH E Ky R B AR
WRE w, 515 SANR B K., HIEFE Hermite 4 [
W, FEEER U, 615

UiR,U, = A, = diag(A,,4,,,4y) (15)

N oo L1
BEUWBRERE K, = dtag(m,m, ,

) ’/% QI = UIKI 9%2&&%@& W o= Qﬂ;’ y

1

Ay
.
P, = wRyw = w'K'AKw = w'w = | w?
(16)
P = wRw = w(QFR,Q)w = wiR,w (17)

HH R, = Q'R,Q, - BHiEMW R, RN K, ¥
IEE Hermite SifE, AW FAEEEMR i], fEE,
U'RU, = A, = diag(A,, .4 0,0,

Py= w'Rw = #"Ap
= le Pt ey
Ao, 1oy, 17 (19)
HF v,0,,00 00 B9 BT D 2IRE. BTER
BRAHALR T 90 = Iwi 0

Ps= Ao 1w v By 1oy 1P
< il(l v, *+ +1 Uk, %)
<A wl? (20)
Wo=[lwl - 0 - 0" HESR,HP
o B—ERMMA, WXEES - EBRSLE .
P w'R, w R, W

w R w
SANR =32 = = &
Pl wHR”w “ w “ :




# T il g% ET RGN BB E BN SAR BRI H 7 ik 67

EA A 2D
wl
FIBAGS - EHBRSE LS T R, WEKRISEME
AL o B RAB UL ET T RE B BAEAUE K
W = O, (22)
i, 2 R, MBS, *Xﬂ‘ﬁjﬁtﬁﬁﬁ_i, PPN
B, ATLHEH, BRETTER AN TER:
Wo = Ry (dibsy + dybsy + = + dy by )
= RyBsd (23)
B, ARSI RRARBMBMERE, ERE
—MEERBRARE b XM F M,
W = Ryb (24)
X IE & B B B R A5 T Wk L YE I TR A9 B A8 n A
RE MR ITHMER, BEBRETRE
WM RAENE K, = 1 lf %R, TRESME
BT, Bk 8 R R B I 36 T 90 A8 5 56 R 0 5
Ry 52— FmBRRENTRER,FH“FMH
RB"REMES H H T E KB IF,
MRHERE R, « R, FIRHE(13).(14)LRITE,
FEMNTEENMEEREN T RREE, i
BHERK, EREEFARIHHEGT,TE
BRI RE AT E, Wl 2 iR, REET
A x 3L, BATF « LWETERESH s(x) ,
EXAKEE r, (2) = Els(x)s™ (% - 2)} o &
E—1¥RAHFE ORNESe(t) ,H Ela(t)a” (1)}
= o3
r(2) = Ela(e)dTea” (1) /M)
= 2T o S (25)
FEERFL sin0/d = f, c HEE -1r < f <
VAMABEFERS S ot .f,) , B Ela(e,
fa (e, £ = () ;.

1/

r(x) = j_ma’ (f.) e df, (26)

AR, EREMEEER r.(2) SESHELSF
EH o (sinf/d) REIHERINXR, FEH
o’ (6) ,FIE N R M i AR HARE r, (x) M
REBESTRE r, («) EHAMRER L BRUE,

4 XBER

22 %5 58 o 07 B R BHlE K &AL i i AR
Wi HfE, (FEL Envist N K PE,/NBRES

Envisat #1BE 100km, Envisat ELE B H: o =
7159.49km, ¢ =0.001165, o, =98.55°,  =90.0°,
2 =133.0121°, HERM ASAR 28 R: K
5.6275cm, K&k 10m, K& R 1.3m™ , UM T4E
B, NEEREBAMMEY . K 2.5m, & 0.6m,
BENIEXRRELARBERFERBEREN
wrAFEE, TRABLR v, =40°, PRF BUEE N

2000Hz, FEJo/EBEEICE K,

HEPRITHE A= ERERETHE:
E—MAFARMII RS HGNERES 2T EEK
FARALHE R BN e, = 0 5 1) 3 25 B K ME
W, ZHEMERRENEFER M. H_fHkE
B RE 7 10 B JG #47 T7 1 P 45 6 B R I AL
KRB, BE=FHERHAE K SANR 8 XL B
RE,

HERRARMRREFmE., €8 1(b)+FE
EHEREN I EERT REMA LS/, BT
e lfoH 28 A AL, BERITh R4 i B R KRR, b
WAL R SRR EREH R AR, @SR
FEHHTTEELE. B3BRT=ZMFEREN
RELFHEMEBENLHFANYEBREN L, T8
W24 N3 BE B BN H vl 18 . R BRI E N
- 18.37dB; KRR LB WITIE N - 22.88dB, Lk E PR
i B 4 R M&E T 4.51dB, B K SANR ¥ %
-36.94dB, % T 18.57dB, N T Wil BE BB M He
ZEAF PRF LHMHIMR, EE 4(a)PEH T =F
FEHMAEH NP EBEEN L EH PRF 4K
M, ATNEWM TR A PRF L, HELERA
) P oh FR A4 25 (8] 43 A6 15 B 19 F B AR AR AL 2 1
PEBIEW LA BOR T, R B K SANR R FE KX
BHE.

FEHALm ERAERE T RUBR, BH4b)HF
BHT=MAEOUNLEANLETAEMLEE
PRF A {L ) #L . H P 7E PRF = 2000Hz B ) {H 4 -
FERBALE R - 12.31dB; R LS RiITER -
18.80dB, L E B RM AL LG RIWH T 6.49dB, &
K SANR ¥k - 37.82dB, Il T 25.51dB, [Al#, &
K SANR %R B B B A &I R .

HEATERMBER LR B 4(c)BRT
MR KA £ T 1 AR A O e T A Y O B
B, B RBIRI LU PRF (LA, W IR, 23 W
AT I BBRT I, GBI H A8 B A B,



68 FMEM g%
N 1 e N
l wlf N
@FH 1 BEH AL B )% 2 R MK R ©F ¥ 3 BEHR R B

(a) antenna pattern designed by method 1  (b) antenna pattern designed by method 2

(c) antenna pattern designed by method 3

“os 108 107 108 1.08 111 1.1 qﬂ! 1.08 1.07 1.08 1.09 11 111 “fos 1.08 107 108 109 1i| 144
OFE AR 2 LW AR (O3 MR R
(d) RASR of method 1 (e) RASR of method 2 () RASR of method 3
B3 WLewmNERENLMRER
Fig.3 Result of RASR suppression
MBS pO8 S
. .ﬁ?ﬁi a)
1500 2000 B0 3000 1800 2000 2500 3000
() BE BTN L3451 ()7 AL R LL A 61 (c) BB LL 3]
(a)RASR (b)AASR (c) overall ASR
B4 N800 LR PRF #E1L
Fig.4 Average ASR versus PRF for three methods

5 &ig

HTFMNIEBERXRLRERZR, EENEH
SAREBRMEMIL 5K KPR SAR AR K
BERHRE. &3XCF AR RERSRE I M L
BESMHERGL, BBEAMNLHHEEE X HE
B, BE TRRETRLAEN, TR TSBEK
FETRLIHENZE SAR AP ARBERNMMLH N
BRAEFHRRE AERIEEMNLSHIEE R BREE
HBOAE, BUHESEBETXARMNNNEE, &
HERIEFED, &7 EHE XL T EEEH

FC i i L m AR T A F S R Zh R fi {5 B K
SrHmE, AHBRTHARRERBERAGRERE
LG RIT T EREN T A,

B XK :

[ 1] Kreger G, Fiedler H, Moreira A. Bi and multistatic SAR: potentials
and challenges[ C]// In EUSAR 2004, Berlin: VDE VERLAG GM-
BH, 2004. 365 - 370

XNET. % ETERWHBDATERARLRN AT-INSAR B
F(J]. FHFR, 2005,26(2): 186 - 190[ LIU jian-ping, et al.
AT-INSAR for spaceborne parasitic SAR system[J 1. Joumnal of Astro-
nautics, 2005, 26(2) :186 - 1901

[ 3] Massonnet D. Capabilities and limitations of the interferometric cart-



T

1 % T RET AR ABT 8 B 80 SAR BRI & 7 B 69

(4]

[5]

(8]

[9]

[10]

wheel[J]. IEEE Trans. on Geoscience and Remote Sensing, 2001,
39(3) :506 = 520

Krieger G, Wendler M. Comparison of the interferometric perfor-
mance for spaceborne parasitic SAR configurations[ C]// In EUSAR
2002, Berlin: VDE VERLAG GMBH, 2002:467 - 470

Hans Steyskal, et al. Pattern synthesis for techSat21-A distributed
space-based radar system[J]. IEEE Antennas and Propagation Maga-
zine,2003,45(4) :19 - 25

Sergio Barbarossa, Guido Levrini. An antenna pattern synthesis tech-
nique for spaceborne SAR performance optimization[.] ]. IEEE Trans,
on Geoscience and Remote Sensing, 1991,29(2) :254 — 259
Applebaum S P. Adaptive arrays{J]. IEEE Trans. on Antenna and
Propagation, 1976, 24(3):585 - 598

Li F K, et al. Ambiguities in spaceborne synthetic aperture radar
systems[ J]. IEEE Trans. On Aerospace and Electronic Systems,
1983, 19(3) :389 - 397

Curlander J C. Location of pixels in spaceborne SAR imagery[J].
IEEE Trans, On Geoscience and Remote Sensing, 1982,20(3) :359
- 364

fyide , R, XNEF . BERFENX SAR L ERELT[I].

(121

Ln

fE 5 4b 3, 2004, 20(5) :475 - 480[ HE Feng, LIANG Dian-nong,
LIU Jian-ping. Doppler property analysis of spaceborne parasitic SAR
[1]. Signal Processing, 2004, 20(5) :475 - 480,
i, Ref R R . BRI SAR REMMMFE(I]. B
BiFl 8 K ¥ % 3, E % %5 7/ [ HE Feng, LIANG Dian-nong,
DONG Zhen. Study on ambiguity in spaceborne bistatic SAR[J].
Journal of National University of Defense Technology. Accepted for
publish]

A8 AEMREFEM]. b BBy ol ik ,1991:1 -
139 SHI Zhen. Theory of Adaptive Antenna[ M]. Beijing: Defense
Industrys Press,2003:1 - 139]

TEE RN ATHE(1976 - ), B, ¥H0F, 1,15
BEEGFIBE W . HRIMAEBKRR
Hpt B R R IUE E M SAR RAERE
BB,

BEESBL: KPEGHEXENESESH
/ FEBREH R B RN = (410073)

B35 : (0731)4575712

E-mail : riversummit @ sina. com

An Antenna Pattern Optimization Technique For Spaceborne Bistatic
SAR Ambiguity Suppression

HE Feng, LIANG Dian-nong, DONG Zhen
(School of Electronic Science and Technology, National University of Defense Technology, Changsha 410073, China)

Abstract : Due to the limited size of antenna onboard small satellite, the ambiguity-to-signal ratio (ASR) of spaceborne bistat-

ic SAR is much higher than that of conventional spaceborne SAR. An antenna pattern design technique was proposed to optimize

ambiguity-to-signal ratio of spaceborne bistatic SAR, which made use of the theory of adaptive arrays and took advantage of a priori

knowledge of ambiguous echo power as a function of the bistatic geometry and ground reflectivity. The optimized antenna weighting

was derived to maximize the Signal-to-ambiguity-and-noise-ratio, which was defined in this paper. Simulation shows that the tech-

nique can suppress bistatic ambiguity power and depress ASR remarkably. The overall ASR can be 15dB lower at best.

Key words: Spaceborne bistatic SAR; Antenna pattern; Ambiguity suppression
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